Abstract Objective: To evaluate the efficacy of multiparametric magnetic resonance imaging (mp-MRI) using Prostate Imaging Reporting and Data System version 2.0 (PI-RADSv2) definitions in detecting organ-confined prostate cancer. Methods: All patients who underwent radical prostatectomy between January 1, 2014 and December 30, 2014 were identified. All underwent mp-MRI within 180 days before surgery. Those with prior pelvic irradiation or androgen deprivation therapy were excluded. Fully embedded, whole-mount histopathology was centrally reviewed and correlated with imaging for tumour location, Gleason score (GS) and stage. Results: There were 39 patients included, of which 35 (90%) had mp-MRI done post-biopsy. A total of 93 cancer foci were identified on whole-mount pathology, of which mp-MRI detected 63 (68%). Of those detected by mp-MRI, 14 were PI-RADS 3 (n Z 6 for GS 6, n Z 8 for GS 7, no GS ! 8) and 49 were PI-RADS 4e5 (n Z 7 for GS 6, n Z 33 for GS 7, and n Z 9 for GS ! 8). There were 30 (32%) cancer foci missed by mp-MRI (n Z 15 for GS 6, n Z 13 for GS 7 and n Z 2 for GS ! 8). A lesion classified as PI-RADS 4e5 predicted a higher grade cancer on pathology as compared to PI-RADS 3 (for GS 7 lesions, odds ratio [OR] Z 3.53, 95% CI: 0.93e13.45, p Z 0.064). The mp-MRI size detection limit was 20 mm 2 and 100 mm 2 for 50% and 75% probability of cancer, respectively. In associating with radiological and pathologic stage, the weighted Kappa value was 0.69 (p < 0.0001). The sensitivity and positive predictive values for this study were 68% (95% CI: 57%e77%) and 78% (95% CI: 67%e86%), respectively. Conclusion: In this predominantly post-biopsy cohort, mp-MRI using PI-RADSv2 reporting has a reasonably high diagnostic accuracy in detecting clinically significant prostate cancer. 
Introduction
Recent advances in multiparametric magnetic resonance imaging (mp-MRI) that have expanded its role in the diagnosis of organ confined prostate were focused mainly on a lack of standardized reporting methods, which led to widely variable diagnostic performance (different Likert scales) [1, 2] . In 2012, the European Society of Urogenital Radiology (ESUR) introduced a set of consensus guidelines to standardize prostate magnetic resonance imaging (MRI) interpretations, referred to as Prostate Image Reporting and Data System (PI-RADS) [3] . However, due to a lack of integration of the PI-RADS scores from different imaging sequences, there was heterogeneity in the suspicion threshold across studies [4] . Prostate Image Reporting and Data System Version 2.0 (PIRADSv2) was published in April 2015, and provided standardized recommendations on the technical specifications of image acquisition, reporting methods, and integration of mp-MRI scores according to prostate zonal anatomy (Table  1 ) [5] . However, there are limited reports in literature on the efficacy of PI-RADSv2, with some initial data suggesting it had limited efficacy [6] .
The purpose of this study was to evaluate the diagnostic performance of mp-MRI, using PI-RADSv2 recommendations in real-life clinical practice. The following outcomes were analysed:
(1) Correlation between mp-MRI PI-RADS score and pathological Gleason score (GS); (2) Size detection limit of mp-MRI for malignant lesions; (3) Location of tumours not detected by mp-MRI; (4) Impact of the time interval between needle biopsy of the prostate and mp-MRI accuracy in detecting tumours.
Materials and methods

Patient cohort
Following institutional review board approval (No. CIRB 2009/743/D), all patients who underwent radical prostatectomy as primary treatment for biopsy proven primary adenocarcinoma of the prostate gland, between January 1, 2014 and December 30, 2014, were identified. A prospectively maintained clinical registry provided data on the clinical characteristics of these patients. Only those who had mp-MRI within 180 days of surgery were included. Those who had prior pelvic irradiation or neo-adjuvant androgen deprivation therapy were excluded from this study. From this, a total of 39 patients with a median age of 64 years (range 45e74 years) were identified. All relevant mp-MRI images and fully embedded whole mount histopathology were centrally reviewed by one dedicated uro-radiologist and one uro-pathologist respectively. The reference landmarks used for imaging and histopathological correlation were the prostatic apex, base and urethra. The mp-MRI images were analysed using axial cuts to facilitate visualization of the tumour lesions marked on whole mount pathology. In this study, tumour size was defined using the cross sectional area, which was calculated as a product of the length radius (measured parallel to a line drawn from right to left of the gland through the middle of the urethra divided by 2, R1), and the width Mp-MRI scores from all sequences were integrated into a single PI-RADS score, based on zonal anatomy of the lesion. DCE, dynamic contrast enhanced imaging; DWI, diffusion weighted imaging; T2W, T2 weighted imaging. Any denotes a score of 1e5. "þ" denotes the presence of early enhancement on DCE, while "À" denotes the absence of it [5] .
radius (R2) which was measured from the anterior to posterior of the gland in a line drawn perpendicular to the length, divided by 2. The mathematical formula was based on the area of an ellipse (p Â R1 Â R2).
Mp-MRI acquisition
All patients underwent a high field mp-MRI examination, which was obtained with a 3-T MRI imaging system (Magnetom Verio; Siemens, Erlangen, Germany), using a multichannel pelvic phased array coil. The MRI protocols included high spatial resolution T2-weighted imaging in the axial, sagittal and coronal planes (turbo spin echo sequences), diffusion weighted imaging in the axial plane (b-values: 0e50, 500 and 1000 s/mm 2 ) and dynamic contrast-enhanced (DCE) images. The acquisition parameters were summarized in supplementary Table S1 . Apparent diffusion coefficient maps were generated from the diffusion weighted images by using the mono-exponential model on a voxel-wise basis, fitting the b-value data. For the DCE MRI, gadoterate meglumine (DOTAREM â ; Guerbet LLC, Villepinte, France), was administered via an automatic power injector (Medrad, PA, Warrendale, USA) at a dose of 0.1 mmol/kg body weight at a rate of 3 mL/s. An endorectal coil was not used. A single dedicated genitourinary radiologist (with 8 years of experience in reading prostate MRI) retrospectively evaluated and scored all lesions. All assessments were made on a commercial PACS workstation (Carestream, Rochester, NY, USA). Each suspicious lesion detected on mp-MRI was assigned a PI-RADS score in accordance with the PI-RADSv2 criteria.
Histopathological preparation
All prostatectomy specimens were macroscopically examined and weighed. The base and apex were sampled using the conical method [7] . The remaining prostate surfaces (anterior, posterior, right and left) were inked in different colours for orientation and for determining the surgical margins. A positive surgical margin was defined as tumour reaching inked surfaces. The specimens were sequentially sliced from apex to base of the glands at 3e5 mm intervals, and embedded in paraffin as whole-mount sections. The entire specimen was submitted for histological examination by a senior uro-pathologist (with at least 10 years experience in genitourinary pathology). The sections were stained with hematoxylin and eosin. Each tumour focus was marked out on the glass slide and localized onto histological maps, recording its Gleason grade, location and dimensions. Tumours of similar GS, and less than 1 mm apart in the same plane, were considered part of the same lesion. All malignant foci were included in this study regardless of size. The radiologist and pathologist were blinded to their mutual findings prior to data analysis.
Data analysis
The data analysis was performed using the presumption that each tumour lesion was discrete and independent. The correlation between PI-RADS scores and Gleason grades was calculated using generalized logistic regression. The limits of tumour detection on mp-MRI were determined using binary logistic regression by comparing mp-MRI detection rate against tumour size. We used Fisher's exact test for the correlation between mp-MRI detected lesions and pathological cancer foci, and weighted Kappa coefficient for the association between MRI staging and pathological staging. Statistical significance was defined as p < 0.05. The SAS 9.3 software (SAS Institute, Cary, NC, USA) was used to perform statistical analyses.
Results
Patient and tumour characteristics
There were 39 suitable patients with a median age of 64 years. Most of the patients had MRI scans performed post prostate biopsy (90%, n Z 35). The median time interval between prostate biopsy and mp-MRI was 30 days (range 7e176 days). There were a total of 93 tumour foci identified on whole mount histology, comprising lesions of GS 6 (n Z 28, 30%), GS 7 (n Z 54, 58%) and GS ! 8 (n Z 11, 12%). The patient and tumour foci characteristics are summarized in Table 2 .
Evaluation of mp-MRI in detecting prostate cancer
Among the 93 lesions documented on pathology, 63 (68%) were detected and 30 (32%) were missed (false negatives) on mp-MRI. Therefore, the sensitivity and positive predictive values of mp-MRI in detecting prostate cancer in this study were 68% (95% CI: 57%e77%) and 78% (95%CI: 67%e86%), respectively.
Correlation of mp-MRI and pathological findings
Of the 63 lesions detected on mp-MRI, they comprised GS 6 (n Z 13, 21%), GS 7 (n Z 41, 65%) and GS ! 8 (n Z 9, 14%). Of the GS 6 lesions, they were classified as PI-RADS 3 in six and PI-RADS 4e5 in seven. Of the GS 7 lesions, the mp-MRI grading were PI-RADS 3 in eight and PI-RADS 4e5 in 33. All lesions with GS ! 8 were graded PI-RADS 4e5 on mp-MRI. The mp-MRI detection rates in relation to tumour grades were: 48% (13/27) for GS 6, 75% (41/55) for GS 7, and 82% (9/11) for GS ! 8 lesions. 
Determination of tumour size detection limit on mp-MRI
In estimating the limits of tumour size detection on mp-MRI in this study population, the probability of cancer detection on mp-MRI was compared against tumour size measured on whole mount histology (Fig. 1) . For a cancer lesion with a surface area of 20 mm 2 (approximately 5 mm Â 5 mm in diameter), the probability of detection was 50%; for a lesion 100 mm 2 in size (approximately 11 mm Â 11 mm in diameter), its probability of detection was 75%. The overall median tumour size in this study was 57 mm 2 (range 1.6e955.0 mm 2 ).
Characteristics of tumour lesions missed on mp-MRI
There were 30 cancer foci identified on whole mount histology that were not detected on mp-MRI, giving a false negative rate of 32%. These comprised GS 6 (n Z 15), GS 7 (n Z 13) and GS ! 8 (n Z 2) lesions. The median size of these missed lesions was 19 mm 2 (range 2e220 mm 2 ). The locations of these missed lesions were apex (n Z 16, 54%), mid-gland (n Z 7, 23%) and base (n Z 7, 23%). In a subgroup analysis of cancer foci larger than 10 mm in diameter (in any dimension), there were 51 such lesions, of which eight (16%) were missed on mp-MRI. Of these missed large lesions, 88% (7/8) involved the apical location. On histology, 50% (4/8) had narrow footprints on cross section (Table 3 ).
The impact of time interval between prostate needle biopsy and acquisition of mp-MRI images
Within the 35 patients who had mp-MRI performed after prostate biopsy, a total of 83 cancer foci were identified on Figure 1 Size detection limits of cancer by multi-parametric magnetic imaging resonance (mp-MRI). Probability of tumour detection was calculated using binary logistics regression. Tumour size was defined as the largest cross sectional areas of cancer foci on pathology in square millimeters. All measurements taken were based on cross sectional wholemount sections of the prostate glands at 3e5 mm intervals. Large lesions were those that were at least 10 mm in any one dimension. A, apex; AM, apex to mid-gland; GS, Gleason score; MB, mid-gland to base.
pathology. These were dichotomized into two groups: Less than 6 weeks (n Z 26) and greater than or equal to 6 weeks (n Z 57). The false negative rates were 31% (8/26) for less than 6 weeks, and 33% (19/57) for greater or equal to 6 weeks.
Discussion
This study represents the first few in literature correlating the performance of PI-RADSv2 in detecting prostate cancer using radical prostatectomy specimens as a standard of reference. Previous studies using needle biopsy tissue diagnosis and localization may have outcomes influenced by technical constraints of the biopsy process, including anatomical locality and the sensitivity of tumour detection [8e13]. These limitations were overcome, in this study, by using radical prostatectomy specimens as reference standard for anatomical and pathological correlation. Of note, anatomical distortion during mp-MRI image acquisition was minimized as there was no utilization of an endorectal coil. There was also awareness that post-processing changes occurring during specimen preservation may confound the correlation between imaging and histopathology. These potential confounders were largely overcome by adopting fixed anatomical points of reference comprising the urethra, prostatic base and apex, which were unlikely to be modified after paraffin embedding. It was well recognized that post-biopsy artefacts may confound the imaging analysis, and hence there has been a preference towards acquisition of pre-biopsy mp-MRI images [14, 15] . However, it is still the predominant practice to perform mp-MRI after histological diagnosis of cancer. Within this clinical context, the outcomes from this study could guide clinicians in disease localization and planning of treatment. This is especially relevant in pre-operative surgical planning for laterality of nerve-sparing. The risk of missing a significant apical lesion in this series was 35%. It was recognized that positive surgical margins were largely apical in location and, therefore, where a pre-biopsy MRI was not possible, adequate apical sampling during needle biopsy would be warranted [16, 17] . The lesions missed on mp-MRI also tend to have a narrow footprint on cross sectional imaging, which can make radiological detection challenging in the transverse cross section.
The existing recommendations propose a minimum time interval of 6 weeks between performing the needle biopsy and mp-MRI [18] . However, an exploratory analysis in this study comparing the proportion of lesions missed on mp-MRI, which performed within or after a 6 week time intervals from biopsy, showed no difference in the false negative rates of tumour detection (30%). In addition, hemorrhagic artefacts could be seen at the scans performed 6 weeks after biopsy, degrading the interpretation of the mp-MRI data (Fig. 2) . These suggested that the optimal time interval for mp-MRI after prostate biopsy should be longer than 6 weeks; this will require elucidation in a larger patient cohort comparing pre-and post-biopsy images. There may also be a suggestion that the presence of hemorrhage in post-biopsy scans may not compromise the detection of extra-prostatic disease in the early post-biopsy time period, but only if the reporting radiologists were aware of tumour location(s) at biopsy [19] . In this study, there was no attempt to quantify the extent of post-biopsy hemorrhage, as there is no objective methodology for doing so. The subjective assessment of hemorrhage can also vary between image readers and, thus, is of limited value.
The sensitivity and positive predictive values (PPV) for our study were 0.68 and 0.78 respectively, which were similar to the diagnostic performance of the original PI-RADS, based on a meta-analysis of 14 studies by Hamoen et al. [4] . In that review, the pooled sensitivity was 0.78 with PPV ranging from 0.50 to 0.83. However, most of the histological correlation was made with prostate biopsy outcomes, rather than a gold standard of prostatectomy histopathology. More recently, some authors have reported an improved diagnostic accuracy when mp-MRI included magnetic resonance spectroscopy imaging (MRSI) [20, 21] . The authors reported a high negative predictive value of 0.93 in a cohort with prostate specific antigen (PSA) values of <10 ng/mL, suggesting a utility of mp-MRI in identifying patients who will have negative biopsies [22] . When comparing studies with similar methodology in a metaanalysis by Kirkham et al. [23] , the diagnostic efficacy was similar when using both T2 and DCE images (sensitivity 0.73e0.89) referenced to histological outcomes at prostatectomy, with inclusion of all tumour lesions. However, it was not clear if these studies looked at pre-or post-biopsy cohorts.
In a study comparing PI-RADSv2 with version 1, using MRI-guided biopsy results as the reference standard, Polanec et al. [24] reported a higher sensitivity for lesions in the transitional zone (TZ), but lower in the peripheral zone (PZ); the overall sensitivity using PI-RADSv2 was close to 100%. In another retrospective study by Vargas et al. [25] , the authors correctly classified 95% of tumours of any grade !0.5 mL in size with PI-RADSv2, which decreased to 20%e 26% for GS ! 7 tumours that were 0.5 mL. This study was not designed to be a diagnostic accuracy study, and pathologically detected tumours were used as a template to classify MRI detected lesions.
The characteristics of missed lesions in this study were those of small physical dimensions (median size being 19 mm 2 , which is approximately 5 mm in diameter), and lower GS. This was also similarly shown in earlier studies using different radiological reporting systems [26, 27] . In those studies, lesions located in the apex were more likely to be missed. The inclusion of all visible lesions on histopathology allowed for determination of the size detection limit for mp-MRI in the post-biopsy setting. This was in contrast to other studies where small lesions (<0.5 mL volume) of lower grade were excluded [27] . In the subgroup analysis of large lesions that were missed on mp-MRI (defined as at least 10 mm in any one dimension), the majority were located in the apex. Furthermore, half of these had narrow footprints on cross section (Fig. 3) . This finding suggested that a good sampling of the apex during needle biopsy of the prostate gland is important, and should be strongly recommended. Careful attention must therefore be paid when dissecting the apex during radical prostatectomy.
There are limitations in this study. The inherent shortcomings of a limited size cohort include the phenotypic expression of cancer lesions, where a group of tumour foci from the same prostate specimen may share MRI characteristics that could affect analysis on a per lesion basis. The population studied was limited by the selection criteria of surgical candidates. The majority of lesions were of pathological GS 7, which reflect a contemporary practice of offering active surveillance for GS 6 tumours [16] . Patients operated in our institution, but with mp-MRI scans performed not within our protocol, were excluded. However, it is not evident that these patients are inherently different in characteristics from the study population. The radiologist analysing the mp-MRI images was not blinded to the diagnosis of malignancy, although there was no prior knowledge of the exact anatomical location of each tumour foci on whole mount histology. Mp-MRI interpretation by a single radiologist reader directly impacts on the outcome of this study. It is difficult to quantify the effect of the learning curve using PI-RADSv2 on sensitivity and specificity. However, the significant background clinical experience of the reader is expected to shorten the learning process.
In this predominantly post-biopsy cohort of organ confined prostate cancer patients, mp-MRI using PI-RADSv2 showed good correlation with the histological and anatomical profile of tumours detected on whole mount prostatectomy histopathology, providing predictive information on tumour grade, location and size. The post-biopsy changes may post a challenge to the mp-MRI detection of smaller tumours, especially those apical in locations and with narrow footprints on cross sections. Nevertheless, this study still provides a useful guide for planning treatment strategy in a practice where mp-MRI scans are commonly done after tissue diagnosis of prostate cancer is made. These results may not be generalizable to practices where a dedicated radiological service observing stringent protocols for image acquisition and a dedicated reader to interpret mp-MRI images are not available.
Conclusion
Mp-MRI scans of the prostate gland using PIRADSv2 reporting provides predictive information on tumour grade, location and size, and even in a post-biopsy setting. The findings of this study can help guide urologists in the planning of local treatment strategy to optimize patient outcomes. 
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